The Putaohua Oilfi eld is a fault-prolifi c area and the faults have close relation with structural traps. The genetic models of the structural traps in the Putaohua Oilfi eld can be divided into two types: individual fault model and multi-fault interaction model. This is based on the description of displacement distribution of typical individual normal faults, the geometry of the footwall and hanging wall, and the analysis of the interaction between faults and the corresponding change in geometry when the faults grow. The individual fault model is that the displacement reaches a maximum at or near the center of fault and decreases toward the fault tips, so a half-graben is formed on the hanging wall of the fault and a halfanticline is formed on the footwall because of the isostatic process. The multi-fault interaction model is that during the growth of faults, they overlap and interact with each other, and accommodation zones are formed in the overlapping segments. The accommodation zones are favorable targets for hydrocarbon exploration, and the trap characteristics are dependent on the extent of overlap and occurrence of faults. The multi-fault interaction model can be subdivided into three types: synthetic accommodation zone, convergent accommodation zone and divergent accommodation zone. Hydrocarbon migration and accumulation models of each type have been developed. The hydrocarbon migration and accumulation models of the traps with different genetic models have their own characteristics in the different stages of fault growth.
Introduction
Structural traps are closely tied to normal faults in extensional basins. Many geologists have presented several genetic models of structural traps related to normal faults. However, their researches were primarily on the characteristics of fault surface orthogonal to strike (Shelton, 1984; Dula, 1991; Xiao and Suppe, 1992) or fault-blocks due to fault intersecting (Wang et al, 1994; Li, 2004; Wang, 1995; Xie et al, 1997) . In recent years, great advances have been made in the geometry and kinematics of normal faults based on the research on the East Africa Rift, Viking Graben of North Sea and the Basin and Range Province in the United States (Rosendahl, 1987; Scott and Rosendahl, 1989; Morley et al, 1990; Faulds and Varga, 1998; Varga et al, 2004) . The influence of variations of fault characteristics along the strike on the basin pattern has been noticed and the concepts, types and genetic models of normal fault growth and accommodation zone have been presented, which are very helpful in the development of structural analysis from 2D to 3D. The researches show that the length and displacement of faults are closely related to each other. When normal faults grow laterally (displacement increases), they approach, overlap and interact with other faults and then form a variety of accommodation zones and structural traps (Morley et al, 1990; Faulds and Varga, 1998; Anders and Schlische, 1994; Cowie and Scholz, 1992) .
In the study area of this paper, a great number of faults and related structural traps have been found because of new 3D seismic acquisition in 2006 covering the whole oilfield and fine interpretation. It is proven that faults apparently dominate the local accumulation of hydrocarbon. Though almost all the proven structural traps are fault-related, there is no clear genetic relation acquired between them for a long time, especially between a large number of small newlyfound faults and structural traps. This paper tries to construct genetic models of structural traps related to normal faults, hydrocarbon migration and accumulation models and their relations with normal fault growth and accommodation zones based on the accurate description of structural features by 3D seismic data. They are instructive for future hydrocarbon exploration and development in this oilfi eld.
Geological background
Located in the northeast of China, the Songliao Basin is a large Mesozoic-Cenozoic non-marine sedimentary basin, with an area of approximately 260,000 km 2 . The Cretaceous system is the main hydrocarbon-bearing formation, with a Genetic models of structural traps related to normal faults in the Putaohua Oilfi eld, Songliao Basin is a complete evolution cycle of a large fault (system), and reveals the general regularities of fault development.
The local stress field of different faults interact at the zone of merger, and produce groups of structures known as accommodation (or transfer) zones, whose geometries are dependent on the extent of overlap, the scale and occurrence of faults (Morley et al, 1990; Faulds and Varga, 1998; Bonson et al, 2007) . The accommodation zones are usually favorable structural trap development areas. Many faults in the study area show the characteristics of fault evolution of different stages. Normal faults approach, overlap and interact with others during their growth in the lateral and vertical directions, and consequently produce various structural traps.
Genetic models of traps related to normal faults

Individual fault genetic model
The structural map of this type is shown in Fig. 2 . A halfgraben (or syncline) on the hanging wall and an uplift (semianticline) on the footwall. Many traps in the study area result from individual normal faults. Fig. 3 shows a typical instance. It can be seen that there are three small faults, A, B and C, which are about 500m, 550m and 700m long respectively, and each controls a half-graben on its hanging wall, which is the local low, and a semi-anticline on its footwall, which is the local high. The semi-anticlines are obviously smaller than the half-grabens and the area and the height of uplifts or the extent of subsidence of half-grabens are related to the length of the faults. Semi-anticlines generally could not be found on the usual map with contour interval of 10m for the small fault, such as A and B. It is proven by hydrocarbon production practice in this area that the small half-grabens are often highly water-fl ooded, and the uplifts on the hanging wall are favorable for the enrichment of remaining oil in the middle and late phases of oilfi eld development. Over 300 small faults with the length of approximately 500-1500m have been found in the study area by fi ne 3D seismic data interpretation, many of which coincide with the above fault model, but most are neglected on the usual map with contour interval of 10m or more. Under the instruction of the trap model mentioned above, we plotted a structural map with a contour interval of 2-5m to find the small traps (structural high) and locate the half-grabens (structural low), and successful wells were drilled on the semi-anticline of the footwall of the small faults. This method avoids the structural lows of the hanging wall, which are usually highly water-flooded and the fault surfaces, which often result in casing wear.
Accommodation zone by fault interaction genetic model
Originally individual normal faults interact and form accommodation zones, when they overlap and connect with each other as a result of lateral and vertical growth. They exhibit different types and features because of different occurrences and overlap extents of the faults. They are often favorable structural traps.
Synthetic accommodation zone model
Synthetic accommodation zones develop between normal faults with similar strike and dip when they approach, overlap and interact. There are two kinds of growth models. 1) Two collinear faults with each controlling a half-graben (similar to individual normal fault) grow laterally and connect together without strike variation at the fault tips (Fig. 6(a) ). The newly connected fault consists of several segments and each exhibits similar displacement distribution to that of an individual fault. As a result, broken noses develop at the fault joints on the hanging wall while semi-anticlines are formed at the midsegments of the fault and structural lows at the joints on the footwall (Fig. 6(a) ). Apparently, this situation happens at the beginning of fault linkage. Many traps in the study area belong to this kind. 2) Two parallel faults overlap when they grow laterally over time, and result in a relay ramp structure in the zone of overlap. Fig. 3 shows that relay ramps connect the hanging wall of one fault to the footwall of the other fault. It realizes the transition of footwall to hanging wall, and effectively transfer strain between two faults. There is also an apparent nose-like structure between two half-grabens on the hanging wall corresponding to the relay ramp. Minor oblique or transverse normal faults will develop on the relay ramp, which helps to produce fault-block traps if the two faults overlap further over time.
Convergent accommodation zone model
When two faults dip toward each other, the strata on the common hanging wall exhibit the "graben" features, and form an anticline. However, if each fault system consists of several faults with uniform dip, there will be great complexity. The accommodation zones are actually the superposition of synthetic accommodation zones and convergent accommodation zones, as shown in Fig. 4(a) . Generally, an anticline belt develops between the two fault systems. The evolution process of this type is as follows (Fig.  4(b) ): 1) Two groups of normal faults with similar dip keep no interaction in the direction both parallel and vertical to the strike. 2) Faults overlap along the strike and interact with Pet.Sci.(2008)5:302-307 
